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Stern sextant angles for system release, and recovery 
points relative to ship's centerline, respectively. 

Bow sextant angles for system release, and recovery points 
relative to ship's centerline, respectively. 

Normal to ship's centerline distances to the release and 
recovery points from the bow and stern sextant positions, 
respectively. 

Distance between bow and stern sextant positions along the 
ship's centerline. 

Buoy /drogue system true speed. 

Buoy /drogue system travel distance. 

Components of T parallel and normal to ship's centerline, 
respectively. 

Elapsed run time from release point to recovery point. 

Parallel to ship's centerline distances to the r' lease and 
recovery points from the bow and stern sextant positions, 
respectively. 

Buoy /drogue system direction angle relative to ship's 
centerline. 
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INTRODUCTION 


The study of surface buoy/subsurface drogue drag coupling was 
initiated as a consequence of the investigation of circulation in 
the entrance to Chesapeake Bay using the Lagrangian technique of 
tracking drifters. These shore-based, radar tracked, buoys have 
subsurface x-shaped drogues or drag plates that are centered at 
20 ft. The drag induced on the surface float by the differential 
current existing between top and bottom results in the buoy/drogue 
system moving at some different velocity than either the surface or 
subsurface current. This coupling effect needs to be known and, 
perhaps, minimized if subsurface circulation is to be accurately 
described. 

Part 1 of the Drogue Performance Evaluation (this section) , then, 
consists of the data acquisition methods and techniques derived from 
several experimental cruises and the processed data from the coupling 
studies conducted on board the R/V LINWOOD HOLTON in the entrance to 
Chesapeake Bay. Data from several different surface floats and 
drogue depth coii, Tinations have been processed during this study. 

Part 2 will contain the analysis of the data; and, hopefully, 
the formulation of a prediction equation for the relationship between 
the observed true current velocity at the depth of the drogue, the 
measured system velocity, surface current velocity, and wind speed. 
The prediction equation is based on a system balanced drag equation 
and will utilize existing drag coefficients for body shapes similar 
to the buoys and drogues used in this study. 

BUOY CONFIGURATIONS 

Four different buoys were utilized during this study. Three 
were coupled to steel plates rigidly attached to each other at 
right angles forming a cross or "plus" shape. The drogue plates 
were located at various depths. The fourth buoy was a spar type 
approximately 10 ft long that did not require subsurface drag plates. 
While the data for this buoy is reported, no analysis is anticipated. 
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Figure lA shows the layout of the Radio Buoy. This buoy is 
easily handled by three people, one for the buoy and two for the J 

drogue plates. The system weight is about 100 lbs. Figure IB 
shows the Radar Buoy configuration. This buoy requires at least 
three people to just pick up and required the use of the ship's 
winch to deploy and recover. The total system weight is about 
250 lbs. The Radio Buoy is interrogated via radio frequencies, 
while the Radar Buoy is located via S-band tracking radar and 
sends its signal upon command. Dimensions in Figure lA and IB are , 

in inches. Figure 1C shows the layout of the EOLE Buoy. This buoy 
is used primarily in offshore applications and is located and inter- 
rogated by satellite on every pass, approximately orn. i a day in 
previous usage. This buoy is the heaviest of the three and is 
usually deployed by helicopter. Figure 1C dimensions ar<^ in meters. 

Table 1 lists the various buoy/drogue plate size and depth 
combinations used throughout the testing period. Dates of data 
acquisition and number of runs, including runs with insufficient or 
questionable data, are also presented. Each data set consisted of 
at least 10 runs with the plates at the same depth. The set was 
spaced in time to allow data to be obtained over part of the local 
tidal cycle. The individual drogue plate size is either 5 ft by 
5 ft or 2h ft by 5 ft. Two plates of equal size are rigidly 
attached at right angles, as mentioned, with the first dimension 
being the height. 

DATA ACQUISITION METHODS 

The ship-board data gathering procedure described below was 
designed to provide the input for the system balanced drag equation. 

Items needed include the true current at the drogue depth, the true 
current at the surface, the system velocity, and the wind velocity. 

The drogue and surface float drag coefficients are obtained from the 
literature. 

Simultaneous measurements of surface and subsurface current 
speed and direction are taken using two current meters suspended on 
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Table 1. Siunmary of data acquisition runs 
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either side of the ship as shown in Figure 2. The subsurface 
measurement is made on the opposite side of the ship as the buoy/ 
drogue drift track. The system speed and direction are obtained by 
measuring the surface buoy's drift path length and dividing by the 
run time. The length is relative to the ship and must be corrected 
for ship's heading. The initial and final positions of the surface 
buoy are measured using paired horizontal sextant angles. During the 
timed run, wind speed and direction, and ship's heading are recorded. 

The equations for determination of true buoy/drogue system 
speed and direction are presented here; refer to Figure 2 for the 
geometry. The true speed is 


s = 




( 1 ) 


where s is the system speed, T is the travel distance, t is 
the time of travel, and T^ and T^ are the parallel and normal 
components of system travel distance relative to ship's centerline. 
The direction relative to ship's centerline and opening to the bow 
is 

T 

a = arc tan ^ (2) 

A positive a is shown in Figure 2. All runs were made from bow 
to stern on the port side so true direction is 

Direction = ship's heading - a + 180° (3) 

where ship's heading has been corrected from magnetic to true. The 

travel distance components T and T were determined as follows: 

X y 

T = L + X + x' (4) 

Ty = h - h* (5) 
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where L Ip the distance between bow and stern sextants along the 
ship's centerline, h and h' are the normal to ship's centerline 
distances to the release and recovery points from the bow and stern 
sextant positions, respectively , and x and x' are the parallel 
to ship's centerline distances to the release and recovery points 
from the bow and stern sextant positions, respectively. See Figure 
2, again, for layout. From the law ot sines 


V L sin C sin A 

^ sin riS'6" - A -”CT 

(6) 

u, L sin C sin A' 

" sin (1^0^ - A - C) 

(7) 

X = -h cos C 

(8) 

x' = -h' cos A' 

(9) 


where A and C are the system release point angles, and 
A' and C are the system recovery angles. Both sets are relative 
to ship's centerline and for bow and stern, respectively, as shown 
in Figure 2. The h and h' values will always be positive, while 
the X and x' values may be positive or negative and, hence, 
added to or subtracted from L to get in Equation (4». Upon 

substitution. Equations (4) and (5) are 


^ - 


sin C sin A cos C sin C sin A' cos A' 
sin (i80“' - 'A " sin A^ 


T = L 

y 


1 sin C sin A 

sin (180' - A - C) 


sin C' sin A' 
sin (180’ - A’ - C) 


( 10 ) 

( 11 ) 


The system velocities for all runs of all sets were calculated 
using Equations (1), (2), (3), (10), and (11). In addition, all runs 
were plotted to checic for errors and to better visualize the relation- 
ships between the three measured velocities and ship's heading. 

Figure 3 presents the results of set 13, runs 61-70. It may be 
seen that runs 68 and 69 are indeed questionable. Either the bow 
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or stern angles (or both) for the recovery point are questionable. 

In addition, run 70 is seen to have a negative a while all others 
have positive a. All doubtful runs (and those with missing data) 
are so indicated in Table 1. 

Since the required data needs to be taken synoptically, approxi- 
mately 10 people are needed. Two are needed in the small support 
boat to tow the buoy/drogue system back to start a new run, four 
are required for the bow and stern sextants, (two readers and two 
recorders) one for wind speed and ship's heading, three for the 
two current meters, and one to oversee the operation. This last 
person starts and stops a run and is responsible for timing the run 
as well. 

The support boat used was the Institute's 19-ft inboard/outboard 
R/V PANGAEA. This boat, a Johnson Surfe r, proved to b e sufficiently 
powered to tow the various buoy/drogue combinations up current to 
— -etaft another run. In addition to hand signals, two-way radio com- 
munications were used to give the commands to release the system at 
the start and recover the system at the end of a run. 

The measurement of the start and finish horizontal sextant angles 
from the bow and stern required the most concentration of any of the 
measurements taken. Each run usually lasted less than one minute, 
so the reader has to continually keep the sextant in position, 
adjusting the angle as the system passes by. Angles are read and 
recorded only at the start and end of each run. 

The wind speed and direction are recorded atop the aftercabin 
at a height of 15 ft during the timed run. This person also records 
the ship's heading from the main ship's compass in the pilot house. 

Both current meters are read and recorded at 5-second intervals 
for speed and at the start and finish for direction. Averages are 
taken and used in further calculations. 

The last person has the overall responsibility to start and stop 
a run, to make certain that all are ready to start a run, to review 
the data from the previous run (for possible rerun) , as well as to 
time the run. This position is usually filled by the Principal 
Investigator. 
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Equipment needed for this operation is listed in Table 2. A f 

description of the equipment and possible errors in observation is | 

included in the discussion. I 

Table 2. List of equipment needed for data acquisition. 

1. Buoys with drogues and connecting chain as required 

2. Two current meters (both speed and direction are needed) 

3. Two marine sextants * 

4. Stop wat:ch 

5. Data forms for each operation 

6. Clipboards 

7. Calculator (calc, of means) 

8. Nautical chart of area 

9. Three-armed protractor (position plotting) 

10. Hand-held anemometer 

11. Supplies for R/V PANGAEA 

12. Miscellaneous supplies (seizing wire and pliers, pencils, tape, 
tools, etc.) 


DISCUSSION 

Depending on sea state during the four successful sea days, 
the ship was either anchored on the east or west side of the 
Chesapeake Bay Bridge Tunnel about one nautical mile distant, and 
two to three nautical miles from the south shore. These areas are 
simply convenient to reach from port. Preliminary investigation of 
the processed data indicates a wide range in current velocity 
speed, and direction for some runs when the three currents are 
compared. The surface and drogue depth currents at times may be 
9|0 degrees or greater different in direction with associated dif- 
ference^ in speeds of up to 0.5 ft/sec or more. This is a direct 
consequence of using the entrance to Chesapeake Bay for the data 
acquisition. 

The lowj:: bay is a partially-mixed estuary which means that the 
upper and lower layers in the water column, while coupled, may 
exhibit quite different flow characteristics. For instance, the 
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times of slack and maximum currents may be different by over one 
hour. This had the effect of causing the buoy /drogue system to 
occasionally move at large angles with respect to ship's centerline. 
Thus, errors in measurement could be hidden. This problem is now 
recognized and any future work will have enough on board data 
processing done to perform a simple balance of forces drawing. This 
will permit gross errors in measurement to be quickly spotted and 
additional runs taken. 

The current at drogue depth was always measured with the 
Kelvin-Hughes Direct Reading Current Meter. This meter has had 
flume calibration and is within the error limit of ±2% of full 
scale reading on speed, a value of ±0.10 ft/sec. The threshold 
speed is approximately 0.2 ft/sec. The direction, while harder to 
calibrate, appears to be within the ±1.5* stated error range. Near 
iron (within 3 ft of ship's hull) the deviation may be as high as 
±10*. Beyond 10-12 ft the error drops to the ±1.5*. 

The surface current was always measured with the ENDECO Type 160 
Remote Reading Current Meter. The speed sensor error range is ±3% 
of full scale, a value of ±0.25 ft/sec. Threshold speed is 
0.08 ft/sec. Direction error is ±3% of full scale, a value of ±10*. 
The direction scale is rather difficult to read, being divided in 
15* spacings. However, the direction was read to the nearest degree 
for all sets (presently, the direction is being read to the nearest 
five degrees) . Near ship readings may be in error by up to 20 degrees 
due to ship's field. This error has not been investigated, however. 

The sextant errors are very small and have been neglected. 

Errors in tracking the surface buoy, however, may result in ±2* for 
each sextant on beginning and end readings. This estimate has been 
determined from buoy diameter and average distance from ship con- 
siderations. An example error calculation using run 66, set 13, was 
made (refer to Figure 3) . If the full two degrees error was assumed, 
the increase in the overall track length was about 3 ft (3.5% 
increase) , the change in direction was less than one degree, and the 
change in speed was ^.1 ft/sec (3.7% increase). Other checks give 
about the same range of variation for speed and direction of the 
buoy/drogue system velocity. One suspects, however, that the sextant 
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readers at times had trouble keeping the buoy within this error limit 
due to the strong currents which caused the horizontal angles to 
change very rapidly. Sextants are not designed for measuring rapidly 
changing horizontal angles. 

The hand held anemometer (Airflo Instrument Co. model AN/PMQ-3C) 
may be read to the nearest ij knot on the 0-15 knot scale and 1 knot 
on the 0-60 knot scale. Wind speed variability was averaged out by 
visually averaging while observing the gauge. Short term fluctuations 
of 5 knots or more were observed. Wind speed direction, relative to 
ship's heading, could be read to the nearest degree, again visually 
averaging out short term variations. Five to 10 degree fluctuations 
were noted. 

The ship's heading was measured using the navigational compass 
in the wheel house. This compass is marked in 2-degree intervals, 
and may be interpolated to the nearest degree. Major corrections, 
up to 30 degrees, had to be made on several trips, however, due to 
welding onboard ship which changes the ship's magnetic field. 

The ' orrections were determined by a technique known as "swinging 
the con. ass." Normal compass errors were less than one degree. The 
magnetic readings were corrected to true readings using the local 
deviation . 

Part 2 of this report will deal more fully with the combined 
error effect on data interpretation. 
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Radio Buoy, 23s x 5 plates centered at 22 ft, 3 Sep 1974 
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Buoy, 2% X 5 plates centered at 12 ft, 3 Sep 1974 
























00 

o^ 

in 

VC 


00 

in 

o 


00 

V£> 

VO 

00 



p' 


00 

00 

VO 



ln^(Nf-l^^no^(^oo 

r— i I— I r-( I— I iH I— I I— t 



m 


OV 


00 

00 


in 

p" 

CM 

ro 

• 

• 

• 

ro 

• 

t 

CN 

• 

<N 

t 

iH 

• 

o 

• 

o 

• 








* 



« 



ov 

rH 



m 

VO 

r- 

m 

OV 

00 

ro 

VO 

VO 

OV 

fO 

rH 

' m 

in 

fvj 

rH 

rH 

r-l 

iH 

iH 

CM 

rH 

t-H 

rH 

rH 

























G 

■M 0 


U O Eh 
M 0)0 
3 U 
U -H 
Q 

0) 

G 

iT' 

0 o 

M 'O 0) 
Q (U (0 
CU \ 

w m 


4J -H 
V) -U 
>1 O Eh 
W 0) o 

Q) -H 
3 Q 
O' 

O 

M 

Q O 
\ T) 0) 

>1 0) m 
O 0) \ 
3 CU-M 
CQ cn MH 


iH 

00 

VO 

VO 

ro 

t>- 

n 

VO 

00 

rH 


VO 


00 

VO 

00 

o\ 

CO 


C\ 


r>4(>4iHooofoinvDir>cs 


91 

CM 

r- 

51 

.49 

46 

.06 

12 

13 

18 

20 

o 

o 

o 

o 

o 

rH 

H 

iH 

H 

rH 


00 

in 

rH 

o 

VO 

rH 

VO 

in 

o 

o 

rH 

• 

o 

• 

o 

• 

o 

• 

ov 

• 

• 

cr. 

• 

o 

• 

CN 

• 

m 

• 


onin<y>r~ooor'^c 

fMron*!i*mnr'ic>ipHi-t 

nrororofO-HiHHHH 


01 

53 

63 

00 

VO 

.54 

82 

r*'! 

a\ 

TO 

04 

04 

i-H 

o 

o 

o 

o 

o 

o 

rH 

rH 

rH 


rHr'jn«9'mv4>r~oo<TtO 
(— liHrHfHi— IrHrHrHi— tOJ 























c 

*i 0 


^1 V ti 
M <Ue 

O -H 
Q 


C 

■P O 


P U EH 
P d) o 
3 M 
U -H 
Q 

0) 

O 

It) 

iM O 
P D d) 
3 dj to 
W d)\ 
CU-P 
W M-l 


IN 

<n 

H 

iH 

00 

Ol 

p' 

m 


o 

IN 

ro 

VO 




in 

m 

VO 

r>* 

p* 

in 

VO 

VO 

in 

VO 

in 

VO 

r- 

00 


§ c 
o 

4J -H 
W P 
>1 O EH 
CO d) o 
P 

d) *H 
3 Q 


Q U 
\ T) dJ 
>1 0) m 

o d)\ 

3 3ip 
OQ CO «M 


ONO\Hoor»aovooor*vorxooootn 

H 


00ff^0^0>00'0^00^0^0^w0^0^0^ 


OiHtDLninor^cNr'CNrocTior^o 

fNmm^^inro^m^mcNfsrjfNj 


r^^rHff>i-)ONr»ooo^o<»r'CSin 

r~ooocT><r>a^HtM<MH'^min^in 

rHrHf\lrHrHrH(NINCN(NfNIN<N<N(N 


tNvomoo^inoNi-HoocMfMrna'oooi 

ooi'^^'4'<4‘ro(ninm^^^rMHa<in 


.70 

.79 

(N 

00 

86 

m 

in 

in 

CO 

.29 

43 

ro 

00 

00 

54 

ov 

o 

VO 

o 

.47 

.46 

fH 


rH 

rH 

r-4 


IN 

CN 

IN 

H 

pH 

IN 

IN 

IN 

IN 


r-ir»jro»a<ir)vx3t-~cxj(TiOrH<Nro^m 

CNCNCNtNCNCNiNCNCNmnmmnm 

























inoo^oo(s<NC4inooo 


G 

■P O 


M U EH 
P <1)0 
9 M 
U -H 

a 

0 ) 

9 

&• 

o o 

M *0 0 ) 
Q 0 to 

^ ww 


C 

•P O 


M U Eh 
P 0)0 
9 M 
U -H 
Q 

0 ) 

O 

m o 
M T ) (U 
9 0 ) to 

W ( 1 ) \ 
Qi-P 
CO UH 


-P -H 
(0 -P 
>i O Eh 
CO ( 1)0 
M 

0 ) -H 
9 a 
tn 

0 

p 

Q O 
■\ 'O 0 ) 
>1 0 ) (0 
0 <u\ 

9 a-P 
QQ CO CM 


noHo ^ moo^^oc 


n n n n CO 


m m m 


r^<Tir'CTioo<NVDr>rMr4 

cTiior'irjm^nfNrMfN 

• •••*••••• 


V0 


m 

in 

VX5 

<M 


CD 

0 

ro 

CO 

• 

00 

• 

00 

• 

00 

• 

00 

ff 

o> 

• 

ON 

• 

DC 

• 

DC 

00 

• 


0 

VO 

m 



VO 

•a* 

<TV 

in 

OV 

in 

• 

ro 

• 

CD 

• 

• 

m 

• 

DV 

• 

<N 

• 

rsi 

• 

M 

• 

H 

■ 


fSf*i^invor*.oooco 
























IIIIIHiiiiiiiliMiMiiii 


oo^moooooo^o 


•U O 


M OH 
IH 0)0 
3 M 
U -H 
Q 

0 ) 

3 

O' 

o u 

M 'd 0) 
Q 0) 0} 
0 ) \ 
r*q ft -P 
cn M-t 


c 

P 0 


P OH 
P 0) o 

3 P 

U -H 

O 

0) 

o 

(0 

P o 

P *0 0) 

3 0) to 

03 0) \ 

ftp 
03 U-i 


P -H 
to P 
>1 O £i 
03 0)0 

P 

0 ) -H 
3 Q 
O' 

0 

p 

Q O 
N. *0 0) 
>i 0) n 
0 0) \ 
3 ftp 

CQ 03 (M 


^r^r>®ootsHooin^ 

oiiHtMcatSfOconcMf^ 

r»t*>ro(nmnronro<*i 


a>ooir-ia\criLncrir~rM 


oc'jvr>a><Nr'00(Nvoro 

®®®»0'0'9'000 

CMtNOJ(NCN(N(NmrOn 


VO 

<D 

VD 

»x> 

m 


o 

rH 

in 

® 

CM 

O 

O' 

• 

• 

ON 

• 

CO 

» 

00 

• 

® 

• 

• 

VC 

• 


O'HooromHinr^fH 

r40iHrHi-lr-lfM{N<N<N 

rofnnroronnromm 



r~ 

ro 

® 

ON 

(n 

UN 

CM 



r~ 

ON 

o 

f-i 

ON 

ON 

ON 

00 

00 

ON 

• 

• 

» 

• 

• 

t 

« 

• 

f 

• 


o 

r-H 

r-H 

o 

o 

o 

o 

o 

o 


<Nro^m®r'®a'0 

rH r-| ^ rH iH CM 






















G 

O 


M OH 
M 0)0 
3 U 
U -H 

a 



m 

3 




C7' 



0\ 

0 

o 


H 


tJ 0) 



a 

0) (0 


c 


0) \ 


n> 

ct)3 

a4J 


►o 

CO 4-1 


eo 




«N 


c 



+J 

o 


to 

c 

•r-l 

C\ 

0) 

0) 

-4-* 


■p 

p 

O H 

H 

It) 

p 

o 0 



3 

p 

CO 

(X 

u 

•H 




a 


0 

0) 



c 

o 



•* 4-1 

O 

>1 p 

'0 0) 

O 3 

0) (0 

3 CO 

0) \ 

(0 

ap 


CO 4-1 

u 


<0 


•0 


3 E 

c 

0) 0) 

0 


-H 
cfi M 
O H 
CO 0)0 

)-i 

0) -H 
3 Q 
O' 

O 

O O 
\ T3 0) 
>1 0) W 

O 0) \ 
3 a-M 
CQ CO <M 










III! 


CM 1 

1 VO 

OV 

iH 


o\ 

9i 

m 

ov 

iH 1 

1 H 

in 

CM 

CM 

CM 

CM 

CM 

CM 

O 

o 

cn 

O 

O 

O 

O 

O 

o 


tno^NicoooooH^^^ 


d 

■p o 


+» 



00 

CM 

m 

00 

00 

CTi 

VO 

VO 

O Eh 

00 

00 

r> 

00 

00 

00 

00 

00 

00 

00 

0 ) o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

P 

•P 

Q 












P T> 0) 
O 0> CO 


ino^cDoooHooopon 

rorofO'a’^musr-'Oooo 


d 

4J o 


P O Eh 
P 0)0 
d P 
U -P 


ooom'^or^oootN 

r-r'0\OCMCMOHOH 

OOOfHrHrPHHrPrP 


>0 0) 

in 

00 

r - 

p* 


VO 

ov 

'I* 

<JV 

VO 

0) CO 

m 

CP 

V' 

VO 


VO 

00 

o 

9\ 

00 

0) \ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ft 

04 -P 
U3 VH 

iH 

f— 1 

r- 1 

iH 

iH 

iH 

rH 

CM 

rH 

rH 


+» 

rH 

00 


00 

CM 

rH 

Ip 

CM 


CM 

0 Eh 

O 

o 

rH 

rH 

CM 

CM 

Cn 

CM 

rH 

CM 

d) o 
p 
•P 
Q 

rH 

rp 

rH 

H 

rp 

rH 

d 

(0 

tn 

P 

rH 

P 



V <u 

o 

-O' 

o 

rp 

o 


■p 

a\ 

o 

rp 

>1 

0) 'a ' 

m 

o 



lO 

m 

S 

VO 

OV 

ov 

0 

0 

ft 

ft 

ft 

ft 

ft 

ft 


ft 

ft 

ft 

d 

m 

Cn... 
Uj MH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

rH 

rH 


H<Nm'»iny)t^oocr»o 

nmnnmroni^m^ 


ii!l!Wljjiiilll|lllllilllillllii.iilli^ || ' I' Hi 


























o 

O' 

m 

o 

iH 

r* 

fQ 

CM 

o 

CM 

'O' 



ITJ 

sc 


m 

m 

trt 

in 


c 

4J O 


J-i OH 
U 0)0 
3 U 
U -H 
Q 

0) 

3 

tr> 

O O 
M t3 0) 

Q 0) U) 

0) V 
Ci)3 

'J” rn u_i 


3 

O 


U OH 
S-l 0) o 

3 H 
U -H 
Q 


M-l O 
H T3 0) 
3 0) m 

to 0) \ 
04 +J 

w <w 


>1 O H 
IQ 0) o 

0) -H 
3 Q 
O' 

o 

M 

Q O 
\ 'O 0) 
>1 0) m 

0 O 'V 

3 Oi-P 

pQ cn U-4 


C0ChfHO0'Ch0\0'<J'0» 
H H H 


OOOJfNCSCNCNrO'a'^CN 

<nOOOOOOiHi-IH 












r» 

if) 

'S' 

VO 

rH 

VO 


00 


CM 

'i' 

lO 

r> 



VO 

m 

CM 

r~ 

00 

CNJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

— ■"- ■ - ■— 


'^r^fNooO'^fNir^^ 


r'0'r~r*oooininor^ 

r^vDinvovoirt^^tT*!^ 

rsJfNCNCNfsirMCNCMCMrM 


vovoro'ia'^voin^ooo 

rHfMmcMCNjmncNCNin 


oooo''a*(j*^t^^vf»o\ 

o'r'VDrovor'^fn<y»r> 

(NCNCsIfNrsirslCMCNCNJfNJ 


H<Mro'«tir)kDr~oo<TiO 

ininminunminminvo 
























Radio Buoy, no plates, 28 Jan 1975 
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11 

g Drogue Current 

Direction 

“T 

1 1 1 1 1 1 1 1 1 1 

i 1 1 1 1 1 1 1 1 1 

Speed 

ft/sec 

1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 

Surface Current 

Direction 

°T 

127 

134 

132 
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142 
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150 

Speed 

ft/sec 

3.09 
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3.21 

3.12 

3.14 

3.31 

3.45 

3.45 
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3.51 

Buoy/Drogue System 

Direction 

“T 
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133 
133 
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154* 
196* 

ng time 

Speed 

ft/sec 
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Radio Buoy, no plates, 11 Feb 1975 
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